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ANEXO A: Calculo de los parámetros de fermentación 
A continuación se muestra la tabla de Excel utilizada para el cálculo de los parámetros de 
fermentación. Los datos utilizados han sido los definidos por Hiroshi Habe et Al. “Microbial 
Production of Glyceric Acid, an Organic Acid that can be ,ass produced from Glycerol”. 
So (g/L) 220 
     y: coef.Esteq 0.6 
     
       Datos obtenidos del grafico A 
   
Tiempo S: Glicerol 
P: Ac. 
Glicerico 
x: 
microorg 
 
Sm: 
Glicerol 
xm: 
microorg 
dias g/L g/L g/L 
 
g/L g/L 
0 220 0 0 
 
229 0.85 
1 238 0.5 1.7 
 
238 1.9 
2 238 3 2.1 
 
229 3.55 
3 220 18 5 
 
190 5.6 
4 160 49 6.2 
 
141 5.85 
5 122 70 5.5 
 
119.5 5.25 
6 117 80.6 5 
 
58.5 2.5 
   
   Rx Rx DELTA 
del Grafico 
calc. de la 
eq 
 1.70 0.96 0.74 
0.40 2.23 1.83 
2.90 4.02 1.12 
1.20 5.34 4.14 
-0.70 4.23 4.93 
-0.50 3.25 3.75 
0.83 0.78 0.06 
 
 
mu 
 
12 
k 
 
2200 
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Grafica 1. Grafica representando la reaccion.  
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ANEXO B: Simulación numérica del proceso de 
fermentación del Glicerol para producir Acido Glicérico 
en el biorreactor diseñado. 
PRODUCCION DE ACIDO GLICERICO 
      KS 2200 S0 220 Y P/S 0.5 
μmax 12 C0 0.1 Y C/S 0.032 
    
KK     9.86 
Step 0.01 
    
      X Tiempo (dias) S (g/L) C (g/L) P (g/L) 
 
      0 0.000 220.0 0.100 0 
 0.01 0.491 217.8 0.170 1.1 
 0.02 0.812 215.6 0.241 2.2 
 0.03 1.052 213.4 0.311 3.3 
 0.04 1.246 211.2 0.382 4.4 
 0.05 1.407 209.0 0.452 5.5 
 0.06 1.547 206.8 0.522 6.6 
 0.07 1.670 204.6 0.593 7.7 
 0.08 1.781 202.4 0.663 8.8 
 0.09 1.881 200.2 0.734 9.9 
 0.1 1.973 198.0 0.804 11.0 
 0.11 2.058 195.8 0.874 12.1 
 0.12 2.137 193.6 0.945 13.2 
 0.13 2.212 191.4 1.015 14.3 
 0.14 2.282 189.2 1.086 15.4 
 0.15 2.349 187.0 1.156 16.5 
 0.16 2.412 184.8 1.226 17.6 
 0.17 2.472 182.6 1.297 18.7 
 0.18 2.530 180.4 1.367 19.8 
 0.19 2.585 178.2 1.438 20.9 
 0.2 2.639 176.0 1.508 22.0 
 0.21 2.691 173.8 1.578 23.1 
 0.22 2.741 171.6 1.649 24.2 
 0.23 2.789 169.4 1.719 25.3 
 0.24 2.836 167.2 1.790 26.4 
 0.25 2.882 165.0 1.860 27.5 
 0.26 2.926 162.8 1.930 28.6 
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0.27 2.970 160.6 2.001 29.7 
 0.28 3.013 158.4 2.071 30.8 
 0.29 3.054 156.2 2.142 31.9 
 0.3 3.095 154.0 2.212 33.0 
 0.31 3.136 151.8 2.282 34.1 
 0.32 3.175 149.6 2.353 35.2 
 0.33 3.214 147.4 2.423 36.3 
 0.34 3.252 145.2 2.494 37.4 
 0.35 3.290 143.0 2.564 38.5 
 0.36 3.327 140.8 2.634 39.6 
 0.37 3.364 138.6 2.705 40.7 
 0.38 3.400 136.4 2.775 41.8 
 0.39 3.436 134.2 2.846 42.9 
 0.4 3.472 132.0 2.916 44.0 
 0.41 3.507 129.8 2.986 45.1 
 0.42 3.543 127.6 3.057 46.2 
 0.43 3.578 125.4 3.127 47.3 
 0.44 3.612 123.2 3.198 48.4 
 0.45 3.647 121.0 3.268 49.5 
 0.46 3.681 118.8 3.338 50.6 
 0.47 3.715 116.6 3.409 51.7 
 0.48 3.749 114.4 3.479 52.8 
 0.49 3.784 112.2 3.550 53.9 
 0.5 3.818 110.0 3.620 55.0 
 0.51 3.852 107.8 3.690 56.1 
 0.52 3.886 105.6 3.761 57.2 
 0.53 3.920 103.4 3.831 58.3 
 0.54 3.954 101.2 3.902 59.4 
 0.55 3.988 99.0 3.972 60.5 
 0.56 4.023 96.8 4.042 61.6 
 0.57 4.057 94.6 4.113 62.7 
 0.58 4.092 92.4 4.183 63.8 
 0.59 4.127 90.2 4.254 64.9 
 0.6 4.162 88.0 4.324 66.0 
 0.61 4.197 85.8 4.394 67.1 
 0.62 4.233 83.6 4.465 68.2 
 0.63 4.269 81.4 4.535 69.3 
 0.64 4.305 79.2 4.606 70.4 
 0.65 4.342 77.0 4.676 71.5 
 0.66 4.380 74.8 4.746 72.6 
 0.67 4.418 72.6 4.817 73.7 
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0.68 4.456 70.4 4.887 74.8 
 0.69 4.495 68.2 4.958 75.9 
 0.7 4.535 66.0 5.028 77.0 
 0.71 4.575 63.8 5.098 78.1 
 0.72 4.616 61.6 5.169 79.2 
 0.73 4.658 59.4 5.239 80.3 
 0.74 4.702 57.2 5.310 81.4 
 0.75 4.746 55.0 5.380 82.5 
 0.76 4.791 52.8 5.450 83.6 
 0.77 4.838 50.6 5.521 84.7 
 0.78 4.886 48.4 5.591 85.8 
 0.79 4.935 46.2 5.662 86.9 
 0.8 4.986 44.0 5.732 88.0 
 0.81 5.040 41.8 5.802 89.1 
 0.82 5.095 39.6 5.873 90.2 
 0.83 5.153 37.4 5.943 91.3 
 0.84 5.213 35.2 6.014 92.4 
 0.85 5.277 33.0 6.084 93.5 
 0.86 5.344 30.8 6.154 94.6 
 0.87 5.415 28.6 6.225 95.7 
 0.88 5.491 26.4 6.295 96.8 
 0.89 5.573 24.2 6.366 97.9 
 0.9 5.661 22.0 6.436 99.0 
 0.91 5.757 19.8 6.506 100.1 
 0.92 5.864 17.6 6.577 101.2 
 0.93 5.983 15.4 6.647 102.3 
 0.94 6.119 13.2 6.718 103.4 
 0.95 6.279 11.0 6.788 104.5 
 0.96 6.471 8.8 6.858 105.6 
 0.97 6.717 6.6 6.929 106.7 
 0.98 7.059 4.4 6.999 107.8 
 0.99 7.638 2.2 7.070 108.9 
 0.995 8.212 1.1 7.105 109.5 
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Grafica 2. Representación gráfica del proceso de fermentación que se da en el biorreactor. 
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